INTRODUCTION
============

Ankylosing spondylitis (AS) is a chronic rheumatic disease associated with spinal inflammation and bony fusion of the spine that leads to functional impairment \[[@b1-kjim-2016-046]\]. Radiographic damage of the spine can be quantified by the modified stoke AS spine score (mSASSS) \[[@b2-kjim-2016-046]\]. Although tumor necrosis factor α (TNF-α) blockade has been shown to reduce active inflammation in AS patients, the previous clinical trials of TNF-α blockade showed discordant results in preventing radiologic progression as measured by mSASSS \[[@b3-kjim-2016-046]-[@b7-kjim-2016-046]\]. Golimumab, a human monoclonal anti-TNF-α antibody, was evaluated successfully by the randomized controlled trial GO-RAISE (multicenter, randomized, placebo-controlled, double-blind trial), which demonstrated the consistent efficacy of golimumab over 5 years in terms of function, disease activity, and spinal mobility \[[@b8-kjim-2016-046]\]. However, the benefit of golimumab over placebo in preventing radiographic progression was unclear at 4 years because the patients in the placebo group crossed over to the golimumab 50 mg group at week 24 due to ethical concerns.

After following the patients with AS who received golimumab for more than 3-and-a-half to 4 years in Korea, we had a clinical impression that our patients could be divided into two groups based on radiographic progression. Indeed, in infliximab users, radiographic damage at baseline was suggested as a predictor for radiographic progression \[[@b3-kjim-2016-046]\]. In the Korean population, several factors, including baseline mSASSS and peripheral joint disease, were proposed to be associated with radiographic progression in previous studies \[[@b9-kjim-2016-046],[@b10-kjim-2016-046]\]. However, these retrospective studies were not able to draw definite conclusions about the factors predictive for radiographic progression.

To investigate the reason for these outcomes, we tried to analyze baseline characteristics and to suggest factors predictive for radiographic progression in Korean patients with AS who were enrolled in the GO-RAISE trial.

METHODS
=======

Patients
--------

In Korea, 72 patients were enrolled initially in the phase 3, GO-RAISE trial investigating the clinical efficacy of golimumab, as previously described \[[@b7-kjim-2016-046],[@b8-kjim-2016-046]\]. Of these, 66 remained on trial through 5 years and 68 Korean patients who had radiographic data were included in this analysis. According to the study protocol, all patients gave informed consent. The clinical study was conducted in six centers in Korea and approved by the local Ethics Committees of each participating center.

Among the 68 patients, 15, 24, and 29 of them were initially assigned to receive subcutaneous doses of placebo, golimumab 50 mg, or golimumab 100 mg, respectively, at baseline and every 4 weeks thereafter. All 15 patients initially assigned to the placebo group crossed over at week 24 to the 50 mg golimumab group. After unblinding at week 104, patients receiving golimumab 50 mg could increase the dose to 100 mg every 4 weeks. A dose decrease from 100 to 50 mg was also allowed. Radiographic evaluations were performed at baseline, week 104, and week 208. Therefore, all 68 patients received golimumab for at least 3-and-a-half years before week 208.

The mSASSS scorings for radiographic assessment of the spinal lesions for all the GO-RAISE trial patients were performed by two independent readers who were blinded to treatment information and radiographic sequence.

After analyzing the baseline characteristics that might predict radiographic progression in Korean patients, we compared baseline mSASSS and change in mSASSS from baseline (ΔmSASSS) at week 208 among the Korean patients and those of other countries (Canada, USA, Germany, Belgium, Taiwan, Finland, France, and the Netherlands). Assessment of SpondyloArthritis international Society (ASAS) partial remission rate was also compared. We carried out a more detailed analysis on the pattern of the relationship between baseline mSASSS and ΔmSASSS. The trial is registered as a clinical trial at ClinicalTrials.gov (NCT00265083) (registration date: December 12, 2005).

Statistical analysis
--------------------

Based on whether any progression of radiographic lesion(s) existed, we divided the patients into two groups: one group was 'progressors' who had relatively aggressive exacerbation over time and the other was 'non-progressors' who remained in an indolent status. Baseline demographics and disease characteristics were compared between patients with radiographic progression at week 208 (ΔmSASSS \> 0 vs. ΔmSASSS ≤ 0) using an independent t test. The correlation between baseline mSASSS and ΔmSASSS was calculated using Spearman's rho and the Freeman-Halton extension of the Fisher exact probability test. All statistical tests were performed with two-sided alternatives and with a type I error of 0.05 by SAS version 9.2 (SAS Institute Inc., Cary, NC, USA).

RESULTS
=======

Baseline characteristics associated with the progression of mSASSS
------------------------------------------------------------------

The patients who did not undergo radiographic progression of the spinal lesion(s) of AS had the following characteristics: (1) relatively younger age; (2) shorter symptom duration; (3) lower Bath AS Functional Index; (4) lower Bath AS Metrology Index; (5) greater chest expansion; and (6) lower baseline mSASSS ([Table 1](#t1-kjim-2016-046){ref-type="table"}). As the mean ΔmSASSS of 'ΔmSASSS ≤ 0' group was −0.56 ± 1.39 and 'ΔmSASSS \> 0' group was 7.22 ± 6.62 in Korean patients, ΔmSASSS = 0 could be a useful parameter for separating non-progressors from progressors. Sex, human leukocyte antigen (HLA)-B27, smoking, baseline level of C-reactive protein, disease duration before diagnosis, Bath AS disease activity index, and patients' general assessment of back pain and disease activity were not significantly different between progressors and non-progressors. After logistic regression analysis by the parameters with statistical significance or clinical importance, baseline mSASSS was the only variable predicting radiographic progression at week 208 ([Table 2](#t2-kjim-2016-046){ref-type="table"}).

Baseline mSASSS and ΔmSASSS at week 208 in a Korean AS population
-----------------------------------------------------------------

Of the 271 patients who had radiographic data in GORAISE trial, there were 68 Korean patients (25.1%), the third largest population by country. Baseline mSASSS was lower in Korean than non-Korean patients with statistical significance ([Fig. 1](#f1-kjim-2016-046){ref-type="fig"}). In addition, Korean patients were consistently more treatment-compliant (Korean 91.7%, non-Korean 66.4%, *p* \< 0.001) and had a higher ASAS partial remission rate (Korean 44.4%, non-Korean 31.3%, *p* = 0.036) until week 256 ([Fig. 2](#f2-kjim-2016-046){ref-type="fig"}). However, ΔmSASSS was higher in Korean patients when evaluated at week 104 (Korean 1.72 ± 4.14, non-Korean 0.97 ± 3.62, *p* = 0.143) and week 208 (Korean 2.87 ± 5.93, non-Korean 1.66 ± 4.42, *p* = 0.393) but this was without statistical significance ([Fig. 1](#f1-kjim-2016-046){ref-type="fig"}).

Radiographic progression in relation to baseline mSASSS
-------------------------------------------------------

There was a positive correlation between baseline mSASSS and ΔmSASSS at week 208 in Korean AS patients (Spearman's rho = 0.487, *p* \< 0.001) ([Fig. 3](#f3-kjim-2016-046){ref-type="fig"}). The trend was more evident when the patients were stratified into subgroups based on the baseline mSASSS. Radiographic progression was more prevalent (80.0%) in the patients who had a baseline mSASSS \> 10 and less common (13.0%) in the group without baseline radiographic damage (mSASSS = 0) ([Fig. 3](#f3-kjim-2016-046){ref-type="fig"}).

DISCUSSION
==========

According to our analysis, radiographic progression in Korean patients with AS showed particular features. In spite of favorable radiographic status at baseline and the clinical course during the trial, radiographic progression was not prevented as a result of treatment with golimumab. Ironically, the baseline characteristic with the highest predictive value was baseline mSASSS. Most of the progressors (ΔmSASSS \> 0) had a higher baseline mSASSS (\> 10) and most of the non-progressors (ΔmSASSS ≤ 0) had no radiographic damage initially. This 'all-or-none' phenomenon could be explained by the hypothesis that early spinal lesions may resolve completely after effective suppression of inflammation with TNF-α blockade \[[@b11-kjim-2016-046],[@b12-kjim-2016-046]\].

Previous studies considered two units or more of mSASSS change (ΔmSASSS ≥ 2) as significant change \[[@b7-kjim-2016-046],[@b13-kjim-2016-046]\]. In light of our results, the criteria we set (baseline mSASSS = 0, ΔmSASSS \> 0) were more meaningful for predicting progression because a single bone lesion on X-ray could indicate the existence of other reversible spinal lesions, not detectable by X-ray but which could be detected by magnetic resonance imaging \[[@b12-kjim-2016-046]\]. Our findings also support previous results that showed early initiation and longer use of TNF-α blockade was effective in preventing radiographic progression \[[@b14-kjim-2016-046]\].

As a Korean population is relatively homogeneous in ethnicity, subgroup study can be valuable. Indeed, the predominant subtype of HLA-B27 of Korean AS patients was HLA-B\*2705, unlike other Asians \[[@b15-kjim-2016-046]\]. The previous retrospective studies on the clinical characteristics of Korean patients with AS focused mainly on the higher prevalence of juvenile onset AS and peripheral arthritis and the association between the presence of peripheral arthritis and slow radiographic progression \[[@b9-kjim-2016-046],[@b10-kjim-2016-046],[@b16-kjim-2016-046],[@b17-kjim-2016-046]\]. Younger age was shown to be a favorable factor for radiographic progression, but the influence of peripheral arthritis was still controversial \[[@b18-kjim-2016-046]\].

Our study provided the first prospective data for an analysis of the clinical features of AS regarding radiographic progression in Korean patients receiving TNF-α blockade, but the study did have a few limitations. (1) Although Koreans have homogeneous Asian ethnicity, some patients from other countries such as Taiwan were included. Therefore, the results of this study cannot be generalized to Asian ethnicity. (2) Because of the smaller size of the study population the statistical power was weaker than for the original study. However, a consistent tendency was noted when comparing baseline mSASSS and ΔmSASSS in Korean and non-Korean populations. (3) The natural course of disease in Korean AS patients could be different from that in golimumab users. In addition, as in the original study, the true effect of golimumab itself was uncertain because all the patients initially belonging to the placebo group (22% of the total study population) crossed over to golimumab groups during the study \[[@b8-kjim-2016-046]\]. Therefore, the results of this study should be interpreted with caution, recognizing these limitations related to the study population.

In conclusion, Korean patients with AS involved in the randomized controlled trial receiving golimumab for up to 4 years had distinctive patterns of spinal lesion progression detected by simple radiographs at week 208. This distinctive pattern of progression could be predicted reliably by the initial severity of the spinal lesion(s). Despite several shortcomings, this study confirmed the value of early and active biological treatment for AS before the appearance of overt spinal damage.

KEY MESSAGE
===========

1\. Korean ankylosing spondylitis patients had distinctive patterns of spinal lesion progression, as 'progressors' versus 'non-progressors,' despite active treatment with golimumab.

2\. The initial severity of the spinal lesion(s) was important in predicting radiographic progression.
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![(A) Means of baseline modified stoke ankylosing spondylitis (AS) spine score (mSASSS) and (B) means of change in mSASSS from baseline (ΔmSASSS) at week 104 and 208.](kjim-2016-046f1){#f1-kjim-2016-046}

![Comparison of ASAS (Assessment of SpondyloArthritis international Society) partial remission rate in Korean and non-Korean ankylosing spondylitis patients using golimumab till week 256. ^a^*p* \< 0.05.](kjim-2016-046f2){#f2-kjim-2016-046}

![(A) Correlation between baseline modified stoke ankylosing spondylitis (AS) spine score (mSASSS) and change in mSASSS from baseline (ΔmSASSS) at week 208 (Spearman's rho). (B) Population distribution stratified by baseline mSASSS and ΔmSASSS at week 208 analyzed by the Freeman-Halton extension of the Fisher exact probability test.](kjim-2016-046f3){#f3-kjim-2016-046}

###### 

Baseline characteristics associated with radiographic progression over 4 years in Korean ankylosing spondylitis patients

  Characteristic                                                                          ΔmSASSS ≤ 0 (n = 38)   ΔmSASSS \> 0 (n = 30)   *p* value
  --------------------------------------------------------------------------------------- ---------------------- ----------------------- -----------
  Age, yr^[a](#tfn1-kjim-2016-046){ref-type="table-fn"}^                                  27.79 ± 7.14           33.10 ± 7.36            0.003
  Male sex, %                                                                             86.8                   90.0                    0.688
  HLA-B27 (positive), %                                                                   92.1                   93.3                    0.847
  Smoking (yes), %                                                                        36.8                   46.7                    0.414
  C-reactive protein, mg/dL                                                               2.18 ± 2.37            2.70 ± 2.30             0.438
  Disease duration, yr                                                                    4.30 ± 4.41            5.96 ± 4.71             0.059
  Duration of SpA symptoms, yr^[a](#tfn1-kjim-2016-046){ref-type="table-fn"}^             5.24 ± 4.49            7.93 ± 5.92             0.037
  Duration of inflammatory back pain, yr^[a](#tfn1-kjim-2016-046){ref-type="table-fn"}^   5.32 ± 4.59            8.57 ± 6.09             0.015
  BASDAI score                                                                            6.48 ± 1.34            7.00 ± 1.23             0.093
  BASFI score^[a](#tfn1-kjim-2016-046){ref-type="table-fn"}^                              2.33 ± 1.69            4.07 ± 2.54             0.002
  BASMI score^[a](#tfn1-kjim-2016-046){ref-type="table-fn"}^                              2.29 ± 1.41            4.20 ± 2.38             \< 0.001
  Chest expansion, cm^[a](#tfn1-kjim-2016-046){ref-type="table-fn"}^                      3.82 ± 1.66            2.51 ± 1.23             \< 0.001
  mSASSS^[a](#tfn1-kjim-2016-046){ref-type="table-fn"}^                                   2.74 ± 4.85            18.80 ± 17.26           \< 0.001
  Patients' general assessment of total back pain (VAS, 0--10)                            6.74 ± 1.61            7.49 ± 1.63             0.055
  Patients' general assessment of disease activity (VAS, 0--10)                           6.62 ± 1.84            7.03 ± 1.99             0.336

Values are presented as mean ± SD.

mSASSS, modified stoke ankylosing spondylitis (AS) spine score; ΔmSASSS, change in mSASSS from baseline; HLA, human leukocyte antigen; SpA, spondyloarthropathy; BASDAI, Bath AS Disease Activity Index; BASFI, Bath AS Functional Index; BASMI, Bath AS Metrology Index; VAS, visual analog scale.

*p* \< 0.05.

###### 

Logistic-regression analysis to identify predictors of radiographic progression at week 208 in Korean ankylosing spondylitis patients

  Response variable   Independent variable                                    Coefficient   *p* value   OR (95% CI)
  ------------------- ------------------------------------------------------- ------------- ----------- -------------------
  ΔmSASSS ≤ 0 (Y/N)   Age, yr                                                 −0.08         0.139       0.92 (0.83--1.03)
                      Smoking (yes), %                                        −0.07         0.856       0.86 (0.18--4.23)
                      C-reactive protein, mg/dL                               0.06          0.736       1.06 (0.77--1.46)
                      Disease duration, yr                                    0.12          0.216       1.13 (0.93--1.37)
                      Duration of SpA symptoms, yr                            −0.00         0.999       1.00 (0.77--1.30)
                      Duration of inflammatory back pain, yr                  −0.10         0.430       0.90 (0.70--1.16)
                      BASFI score                                             −0.35         0.170       0.71 (0.43--1.16)
                      BASMI score                                             0.09          0.748       1.10 (0.62--1.94)
                      Chest expansion, cm                                     0.29          0.329       1.34 (0.75--2.39)
                      mSASSS^[a](#tfn2-kjim-2016-046){ref-type="table-fn"}^   −0.15         0.032       0.86 (0.74--0.99)

OR, odds ratio; CI, confidence interval; ΔmSASSS, change in mSASSS from baseline; SpA, spondyloarthropathy; BASFI, Bath AS Functional Index; BASMI, Bath AS Metrology Index; mSASSS, modified stoke ankylosing spondylitis (AS) spine score.

*p* \< 0.05.
